The present article describes an efficient technique for micropropagation and microtuberization of two species of Gloriosa, G. orangea and G. rothschildiana of Colchicaceae, the colchicine yielding plants. The plants were propagated in culture through apical shoot bud multiplication using modified Murashige and Skoog's nutrient medium (MS) supplemented with 6-benzylaminopurine (BAP) and a-naphthaleneacetic acid (NAA) in presence of two different concentrations of sucrose (3 and 6%). The process of microtuberization was found to be quite efficient in MS containing 3% sucrose, producing about 180-240 tubers per culture vessel within 6 months or less. On the other hand, the medium with 6% sucrose level induced microtuberization 2 weeks earlier with reduced rate of regeneration. The microtubers from 3% media showed 97% germination rate. The best result was obtained in a medium containing BAP (17.76 mM) and NAA (2.15 mM) with about 18-24 shoots and 14-21 microtubers/shoot. A 1.7 fold increase in colchicine accumulation in G. rothschildiana and a 2.0 fold increase in G. orangea estimated through High Pressure Liquid Chromatography (HPLC) were observed as compared to in vivo tubers. The extracted colchicine showed better efficacy than standard colchicine from Sigma Chemical Co. in treated root tip cells of Allium sativum L. and Mucuna pruriens L. In both these test plant systems, the extracted colchicine induced both polyploidy and diplochromatid formation at variable rates and the values were little higher in G. orangea than in G. rothschildiana. Moreover, G. orangea responded better than G. rothschildiana against the same concentrations of plant growth regulators and showed better colchicine accumulation as well.
The species of Gloriosa of Colchicaceae (formerly under Liliaceae), distributed throughout tropical and sub-tropical regions of Asia and Africa, are medicinally important for treatment of chronic ulcers, hemorrhoids, leprosy and for inducing labor pains (Chopra et al. 1969) . These plants contain the valuable alkaloids, the colchicine and colchicosides like another genus, Iphigenia under this family (Mukhopadhyay and Mukhopadhyay 2008a, b) . The plants of Gloriosa are being overexploited for long time by the rural people for their medicinal purpose and that has caused its distribution very limited and so designated as threatened. Moreover, Gloriosa shows a very poor rate of vegetative propagation and one plant produces only one bi-forked tuber with one growing bud on top of each fork. The seed-grown plants, on the other hand, also take three to four years to flower and therefore, it is also not usually favored by the growers. In order to maintain different germplasms of these species of Gloriosa, suitable measures for rapid mass propagation and conservation are of much importance. Several species of Gloriosa are available in India of which the most common are G. superba and G. rothschildiana. In addition, some of the species contain more colchicine than G. superba (Bharathi et al. 2006) . The colchicine content is found to be very high in tubers than other parts of this plant. Though there are reports of micropropagation of species of Gloriosa using terminal shoot buds, axillary buds, non-dormant apical buds as explants (Shivkumar and Krishnamurthy 2002, Sayeed Hassan and Roy 2005) , the present study involving microtuberization in both G. orangea and G. rothschilidaina is unique as tuber micropropagation and subsequent plant propagation serve a dual purpose including continuous production of elevated level of colchicine and conservation of these elite genotypes.
In the present paper, a comparative account on efficient microtuber-mediated plant propagation and enhanced colchicine production in two species of Gloriosa, G. orangea and G. rothschildiana has been presented.
Materials and methods
The tubers of Gloriosa orangea and G. rothschildiana were collected from different nurseries in Kalimpong of Darjeeling district, West Bengal. The apical buds with tuber parts were sequentially washed under running water, Tween 20 (SRL, 2 drops/100 ml water), and 0.1% Bavistine (BASF India Ltd.), an antifungal solution for 15 min and finally surface sterilized with 0.15% aqueous solution of HgCl 2 for about 17 min under aseptic environment. The traces of HgCl 2 were removed by repeated washing in sterile distilled water. The apical buds were then cultured in modified MS (Murashige and Skoog 1962) medium supplemented with 0.1 g/l L-glutamine, 0.1 g/l ascorbic acid, 3% sucrose and 0.25% Gelrite ® along with different levels of exogenous growth regulators. The growth regulators used were 6-benzylaminopurine (BAP), a-naphthaleneacetic acid (NAA), kinetin and indole-3-butyric acid (IBA). All the cultures were incubated and maintained at 24Ϯ1°C with a photoperiod of 16 h with light intensity of 48 mmol m Ϫ2 · s Ϫ1 provided with cool white fluorescent tubes.
Multiplied single shoot tips were allowed to root and form microtubers in half strength of MS medium supplemented with IBA and NAA along with different concentrations of BAP. Well-developed shoots and roots were separated from the stock and transferred to the same modified MS medium containing varied sucrose concentrations (9%, 6%, 3%). All the cultures were maintained by sub-culturing at every 4 weeks interval on the same medium and culture conditions.
In vivo tubers and microtubers (10 g) were sliced, dried, powdered and treated with carbinol in a reflux condenser using a stirrer for 6-8 h on a hot plate at 70-80°C. The extract was filtered using a nylon membrane filter (0.45 mm), diluted with distilled water. The extracted liquid was treated with petroleum ether and finally the aqueous phase containing colchicine was extracted with chloroform. The chloroform extract was then evaporated to dryness and kept in dark till use.
Dark green microtubers were found to form at the junction of the shoots and roots 15-20 d after transfer. These microtubers were allowed to grow in the same MS media to form complete plants.
These plants were placed in sand and Soilrite ® mixture for about 15 d for hardening. Some of the microtubers were also separated from the stock and transferred to sterile sand and Soilrite ® mixture for 15-21 d with spraying of 1 / 4 th strength of MS salts solution at regular intervals before which these were transferred to the field. The statistical analysis was carried out by ANOVA with Duncan's multiple range test to determine the least significant difference among different growth regulator treatments in shoot bud multiplication and root induction at 5% level and data were presented as meanϮstandard error (Sokal and Rohlf 1987) .
Acetic-orcein squash technique (Mukhopadhyay et al. 1989 ) was utilized from root tip cells of the regenerates. Five slides containing one root in each were prepared from each plant. At least 10 well-scattered metaphase plates from each slide were analyzed for determining the somatic chromosome number of the regenerates.
The efficacy of the extracted colchicine was determined by studying somatic cell divisions of Mucuna pruriens and Allium sativum, used as test plants. Bulbs of A. sativum were germinated in moist sand and young root tips of about 2.0 cm long were excised and pretreated with colchicine, extracted from both Gloriosa sp. (0.05%) for one and half hour. Seeds of M. pruriens were germinated in Petri plates on a moist filter paper. Young root tips were excised and treated similarly as that of A. sativum. For chromosome preparation, after colchicine treatment, the root tips were washed and processed according to the method as previously described (Mukhopadhyay et al. 1989) . The slides were studied to see either the inhibition or enhancement in mitotic index and production of polyploid cells or other spindle disturbances.
Colchicine content was estimated utilizing a LC-10 AT Shimadzu class VP HPLC system associated with isocratic pump and UV detector set at 243 nm Mukhopadhyay 2008a, Shivkumar et al. 2004) . The C18 reverse phase column was used with particle size 10 mm and 250ϫ4.6 mm dimension. Mobile phase contained a mixture of acetonitrile and water (70 : 30). The flow rate was kept at 0.5 ml/min. The authentic colchicine from Sigma was used for confirmation.
Results and discussion
The morphogenic response of immature apical buds from both the species of Gloriosa in culture was quite evident within 10 d of culture. The buds showed elongation at varying rates with varying concentrations of BAP and NAA (Table 1) . Moreover, these species differed among themselves in respect to their in vitro responses on shoot bud multiplication and subsequent elongation in presence of varying concentrations of these growth regulators, indicating species-specific genetic control. The presence of BAP along with NAA has been found to be more effective in both shoot bud multiplication and shoot elongation in both the species than NAA and kinetin combination. The BAP and NAA at a concentration of 17.76/2.15 mM exhibited best responses for shoot bud multiplication in both these species without formation of callus tissue at the bases (Table 1) . Shoot number per explant averaged 19.46Ϯ0.40 in G. rothschildiana and 24.22Ϯ0.26 in G. orangea after 7-8 weeks in culture. The percentage of shoot formation has been found to be maximum in this combination in both G. orangea (97%) and G. rothschildiana (87%). The auxin/cytokinin ratio of 1 : 10 was found to be optimal for shoot differentiation in both these species. Such an efficiency of BAP over kinetin as only cytokinin on shoot bud multiplication has also earlier been reported (Mukhopadhyay and Desjardins 1994 , Benmoussa et al. 1996 , Mukhopadhyay et al. 2005 , Mukhopadhyay and Mukhopadhyay 2008b .
Five weeks old healthy leafy regenerated shoots were further cultured on MS medium in presence of varying IBA concentrations for 4 more weeks. Though IBA induced scanty rooting of the multiplied shoots, it was not at all effective in microtuber formation. However, BAP and NAA (17.76 mM/2.15 mM) promoted vigorous rooting in more than 70% of the regenerated shoots along with small greenish white tuberous growth at the origin of the roots in G. rothschildiana (Table 2) , In G. orangea, on the other hand, same MS medium supplemented with 6% sucrose, stimulated profuse microtuber initiation. It was interesting to note that a two-steps method involving addition of 6% or 9% sucrose for 10 d followed by 2% sucrose concentration in culture dramatically improved microtuberization in G. orangea up to 88 to 90% and 75 to 85% in G. rothschildiana (Fig. 1a, b) . The improved microtuberization was achieved in 6% sucrose in G. orangea and 3% sucrose level in G. rothschildiana. In the present study, a single apical bud of a tuber gave rise to more than 180-240 microtubers in G. rothschildiana and 300-350 microtubers in G. orangea within 6 months. The microtubers on further transfer to the same BAP/NAA medium, formed complete plants with welldeveloped roots and leafy shoots. By generation, the growth capacity of the microtubers as well as the leafy shoots could be maintained without any behavioral change for more than 2 years. The in vitro microtubers with reduced sizes showed increased colchicine accumulation than that of large in vivo tubers in both G. orangea and G. rothschildiana. However, colchicine content was found to be more in G. orangea than that of G. rothschildiana (Table 3 ). There are reports of the use of precursor molecules as well as elicitors for enhanced colchicine synthesis in regenerated plants of Gloriosa superba (Ghosh et al. 2002 , Ghosh et al. 2006 ) and other species (Mukhopadhyay and Mukhopadhyay 2008a). Shivkumar and his associates (2004) had the opinion that the reduced level of precursors in callus culture of G. superba was responsible for reduced level of colchicine accumulation. In the present study, an increased level of sucrose as well as organization of microtubers in regenerated plants induced elevated level of colchicine accumulation in both G. orangea and G. rothschildiana which is economically viable for commercial utilization. Moreover, differences in colchicine contents among these species in both in vivo and in vitro tubers might be species-specific and are under genetic control.
Chromosome analysis of the root tips from the regenerated plants of G. rothschildiana O'Brien as well as the secondary plants from the microtubers revealed 2nϭ66 chromosomes (with complete absence of aneuploidy) revealing genetic stability and the species as a hexaploid species of Gloriosa. On the other hand, cytological study of the root tips from the regenerated plants as well as the secondary plants from the microtubers of G. orangea revealed 2nϭ44 chromosomes (with complete absence of aneuploidy) which also reveals the species as a tetraploid species of Gloriosa as well as genetic stability of the regenerates. The field survival rate of the regenerates was less (70-73%) than that of the microtubers (89-95%) in these species of Gloriosa.
Bioassay of the extracted colchicine from both the species showed similar to and more spindle inhibition activity when compared to colchicine of commercial grade from Sigma chemicals (Table  4 , Fig. 1c-f) . The mitotic index increased with the use of colchicine extracts as pre-treating agents. The polyploid cells were also observed. However, the percentage of diplochromatid chromosomes was less in extracted colchicine than that of standard one. In addition, among the two test plants studied, Allium cepa was found to be more sensitive to colchicine activity than Mucuna pruriens (Table 4 ).
In conclusion, the present study has clearly demonstrated that the microtuber-mediated clonal propagation maximizes the micropropagation efficiency in these two species of Gloriosa. Moreover, the process of hardening becomes more convenient and efficient with the microtuber formation and this has resulted in an increased field survival rate of the regenerates. The extracted colchicine showed maximum or similar efficacy to standard commercial colchicine. The present protocol on micropropagation and enhanced level of colchicine production from species of Gloriosa is very simple, economic and may be utilized for commercialization.
